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Sensory profiling and consumer acceptability of new dark 
cocoa bars containing Tuscan autochthonous food products




















been	conducted	 to	define	 the	sensory	profile	of	 these	products	 through	 tasting	by	
trained	experts	and	consumers	to	study	the	acceptability,	preference,	and	quality	per-
ception.	The	 four	 sensorial	 profiles	of	 the	bars	differed	 in	 the	 level	 of	 persistence,	
bitterness,	aromaticity,	 acidity,	astringency,	and	 tastiness.	 In	particular,	 the	sour	at-















Tuscany	 is	 the	 regional	 base	of	 several	 typical	 agricultural	 prod-
ucts;	many	of	them	are	labeled	under	Protected	Designations	of	Origin	
(PDO)	or	Protected	Geographical	 Indications	 (PGI).	Other	 traditional	
products	are	not	so	easy	to	be	marketed	because	they	do	not	meet	








2006).	 Cocoa	 is	 appreciated	 not	 only	 for	 hedonistic	 properties	
(Beckett,	2000),	but	also	 for	health	benefits	due	 to	 its	high	content	
of	 antioxidants.	Many	 recent	 studies	 showed	a	 correlation	between	









consumer	 acceptability	 (Beckett,	 1994)	which	 is	 also	 influenced	 by	
variations	 in	 the	 proportions	 of	 ingredients	 or	 processing	 (Jackson,	
1999).	As	reported	by	Rozin	and	Fallon	(1987)	“food	acceptance	are	
motivated	 by	 a	 combination	 of	 sensory-	affective	 reasons	 ideational	
notions and safety concerns”.	Consumer	opinion	represents	an	effec-
tive	quality-	level	assessment;	however,	for	profiling	a	new	product	it	
is	necessary	 to	have	 the	 judgment	of	a	 trained	panel	which	assures	
accuracy,	sensibility,	and	repeatability.












file	 of	 Italian	 cocoa	products	 obtained	using	 typical	 ingredients	 and	
techniques	 (Lanza,	Mazzaglia,	&	Pagliarini,	 2011;	 Speziale,	Vazquez-	
Araujo,	Mincione,	&	Carbonell-	Barrachina,	2010),	but	consumer	pref-
erence	was	not	explored.





















The	 samples	were	manufactured	 in	 the	Vestri	 chocolate	 labora-
tory	located	in	Arezzo	(http://www.vestri.it)	using	the	best	mixture	of	
cocoa	beans	produced	directly	by	Vestri	in	their	organic	farm	in	Santo	







Several	 rapid	 techniques	 for	 the	determination	of	consumer	prefer-
ence	 and	 food	 quality	 perception	 have	 been	 recently	 introduced	
(Varela	 &	 Ares,	 2012)	 to	 speed	 up	 the	 process	 of	 sensory	 charac-
terization	 and	 product	 profiling.	 Since	 our	 products	 had	 a	 similar	
composition	(a	base	of	70%	cocoa	for	all),	we	preferred	to	use	a	time-	
consuming	classic	three-	step	approach	that	included	(1)	a	tasting	and	
discussion	 session	with	 sensory	professionals	 following	 the	method	
ISO	11035:1994,	(2)	a	pilot	sensory	evaluation	by	panel	composed	of	





















The	 aim	of	 this	 stage	was	 the	 identification	 of	 the	 descriptors	 to	
be	 used	 for	 the	 evaluation	 of	 each	 aspect	 of	 the	 products.	 A	 list	
of	 descriptors	 taken	 from	 the	 literature	 (Lanza	 et	al.,	 2011;	 Sune,	
Lacroix,	 &	 Huon	 De	 Kermadec,	 2002;	 Thamke,	 Durrschmid,	 &	




Following	 this	 step,	 a	 discussion	 guided	 by	 the	 panel	 leader	 was	
conducted	taking	into	consideration	all	the	responses	of	the	asses-







Before	 the	 test,	 an	 introduction	 was	 delivered	 to	 the	 panelists	
to	 explain	 the	 objective	 of	 the	 research,	 the	 precise	 meaning	 of	
each	cocoa	attributes	and	to	give	examples	of	the	grade	of	 inten-
sity.	 Several	 cocoa	products	were	used	 as	 standards	 (dried	 cocoa	
beans;	100%	dark	chocolate;	milk	chocolate).	All	of	the	samples	to	
be	assessed	were	 taken	out	of	 the	 refrigerator	24	hr	before	each	
session.	 Each	 cocoa	bar	was	 cut	 into	6.5	g	 servings,	 placed	on	 to	
plastic	plates	codified	with	three-	digit	random	numbers	and	served	
at	room	temperature	(22°C)	to	the	panelists	without	specifying	the	





“Nesta,”	 “Ruggine,”	 “Stayman,”	 and	 “Golden	 Delicious”	 (DAM,	 DAN,	
DAR,	DAS,	 and	DAG,	 respectively)	were	 evaluated	 to	 understand	 if	
there	was	 any	 difference	 between	 local	 and	 international	 dried	 ap-
ples	added	to	the	cocoa.	In	the	second	session	two	apple	bars	were	
evaluated	together	with	extra	virgin	olive	oil	(EVO)	and	chestnut	flour	
(CHF).	 Attributes	were	 expressed	 on	 a	 9-	cm	 line	 scale	 and	 quanti-







locations:	 Pisa,	 Siena,	 and	 Follonica.	 The	 consumers	were	 recruited	
during	 the	 “European	 Researchers’	 Night”	 (http://ec.europa.eu/re-
search/researchersnight/index_en.htm)	 where	 young,	 adults,	 and	
families interact directly with researchers.
The	consumers,	both	male	and	female,	were	selected	by	two	main	
criteria:	18–80	years	old	and	are	frequent	consumers	of	cocoa	products.	
A	 total	of	182	people	 took	part	 in	 the	study	on	voluntary	basis.	They	













quencies	of	 each	descriptor	during	 the	pretest	 for	 selecting	 the	at-
tributes	to	be	subsequently	used	in	the	panel	test.	The	median	of	each	
sensory	attribute	was	calculated	for	each	of	the	panelist	and	gener-















two	 of	 them,	 “tastiness”	 and	 “aromaticity”,	 were	 chosen	 to	 define	
the	overall	 intensity	of	 the	 respective	 taste	and	aroma	without	any	
precise	 qualitative	 definition.	 The	 third	 term	 “vegetal”	 was	 defined	
as	the	smell	of	green	fruit.	After	tasting	and	the	following	discussion	
on	 cocoa	 bars,	 13	 terms	 listed	 in	 Table	2	were	 eliminated	 because	
they	correlated	with	specific	ingredients	not	used	in	our	recipes	(but-
ter,	 cinnamon,	 vanilla,	 nutty,	 coffee,	 rice,	 alcoholic,	 spicy),	were	not	
suitable	for	the	type	of	product	 (snappy,	creamy,	oily)	or	simply	he-
donistic	 (harmonic).	 The	 term	 “chocolate”	was	 discarded	 because	 it	
was	statistically	correlated	with	the	cocoa	aroma	and	was	not	legally	
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appropriate	 for	 defining	EVO	bar	 (European	Union,	 2000).	Another	
nine	terms	were	discarded	because	of	their	low	frequency	of	use	after	









first	 component	 and	 “graininess,”	 “astringency,”	 and	 “persistence”	 on	

















profile	 the	 four	 final	 prototypes	 (DAM,	DAN,	 EVO,	 and	CHF)	 again	
using	 the	sensorial	 sheet	with	all	16	attributes.	The	 loading	of	each	






























TABLE  3 List	of	descriptors	used	in	the	Toscolata® evaluation 
sheet
Appearance Texture Aroma Flavor
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separated	with	DAM	and	DAN,	both	containing	apple,	being	closed	
to	 each	other	 and	well	 distinguishable	 from	EVO	and	CHF.	The	or-
ganoleptic	 profiles	of	 the	 four	 cocoa	bars	 as	determined	by	profes-









The	number	of	 “dislike”	opinion	were,	 respectively,	8	 for	EVO,	5	 for	
the	apple	bars,	and	3	 for	CHF	with	no	statistical	differences	among	
the	number	of	answers.	The	preference	of	 the	consumers	 (Figure	5)	
was	 equally	 distributed	 between	 the	 bars	 containing	 chestnut	 flour	
(37%)	and	those	containing	dried	apple	(34%).	This	percentage	takes	










tities	of	 chocolate	 for	pleasure	 (1–2/3–6	bars/month)	 and	a	 second	
including	 all	 the	 elders	buying	 low	quantities	 (1–2	bars/month)	 that	
were	conscious	of	their	health	(Table	6).
With	 regard	 to	 the	 distribution	 of	 preferences	 among	 groups	
of	 consumers,	 the	only	 statistical	 difference	was	 found	 to	 be	 “male	
over	61	years	old”	who	preferred	 the	cocoa	bar	with	chestnut	 flour	
(Pearson’s	chi-	square	p = 0.030).
We	 performed	 a	 calculation	 based	 on	 the	 consumers’	 answers	





the	 products	 were	 able	 to	 profile	 the	 organoleptic	 features	 of	 the	
samples	and	to	also	discriminate	among	them.	In	contrast	to	“Modica”	
chocolate	 specialty,	 the	 appearance	was	 not	 important	 in	 our	 case	
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of	 apple	 quality	 by	 Gatti,	 Di	 Virgilio,	 Magli,	 and	 Predieri	 (2011),	
this	paper	 is	 the	 first	 to	 compare	 the	 results	of	 a	panel	with	 that	
of	consumers	for	dark	chocolate.	Comparing	the	overall	scores	on	
likeability	 that	 experts	 and	 consumers	 expressed	 for	 each	 cocoa	
bar	 (Figure	6)	 is	possible	to	notice	only	small	difference	 in	the	re-
sults.	 The	 panelists	 mostly	 preferred	 the	 DAM	 followed	 by	 CHF	
and	DAN	chocolate	bars,	while	 the	consumers	preferred	CHF	fol-













olive	 oil	 is	 considered	 to	 be	 highly	 beneficial	 to	 health	 compared	
to	palm	oil	which	is	instead	included	in	the	list	of	legal	ingredients	
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of	3-	and	2-	MCPD	and	glycidyl	esters	were	highest	in	palm	oil/fat,	




under	 evaluation	by	our	 group.	 Since	only	15%	of	 the	 consumers	
declared	that	they	buy	cocoa	for	its	effects	on	health,	there	is	great	
potential	 for	 information	 strategies.	The	 communication	 of	 scien-




The	different	 ingredients	used	 in	the	recipes	directly	 influenced	the	
acceptability	of	these	novel	bars	to	consumers.	DAM,	DAN,	and	CHF	































































































































































































































































































































































Cocoa bar EVO CHF DAM+DAN
N 31 103 89
p p p
Cocoa	aroma 10 ns 33 ns 29 ns
Bitter 5 ns 0 .05 15 .05
Sweet 6 ns 31 ns 9 ns
Texture 7 ns 14 ns 18 ns
Salty 1 ns 6 ns 5 ns
Other 2 ns 19 ns 13 ns
p,	Pearson	Chi-	square;	ns,	not	significant.
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